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Abstract 
The development of oasis in the lower reaches of the Tarim River has been impeded due to serious soil salinization 
and water resource shortage. To examine the effect of water resource on soil salinization, we analyzed the effects of 
surface water resource, groundwater depths and quantity on soil salt content based on the field monitoring. The 
results showed that the relationship between quality of surface water and soil salt content in 0-50cm was significantly 
positive, but not to the salt content of the 50-100 cm layers. The soil salt content also closely related to the 
groundwater depth, of which 0-50 cm layers surface soil salt content declined with the increasing groundwater depth, 
and the change of 0-20 cm soil salt content was biggest. When the groundwater depth was shallower, the soil salt 
content was high with high surface concentration, which showed a “T” distribution, and soil salt content decreased 
with the increasing soil depth, in the order 0-20cm>20-50cm>50-100cm. With the groundwater depth increasing, soil 
salt loads reduced and showed a “rhombus” distribution, which mainly accumulated in the middle layer, in the order 
20-50cm > 0-20cm > 50-100cm. When the groundwater depth was more than 6m, the hardness, total dissolved solids 
(TDS) and conductance of the groundwater as well as the soil salt loads distribution appeared sharply changes. So, 
the critical groundwater depth for condensing salt content in groundwater and changing the soil salt loads distribution 
was 6 m. 
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1. Introduction 
Soil salinization is an important worldwide environmental problem, especially in arid and semi-arid 
regions [1]. On the global scale, it is estimated that 30% of all land is affected by salinity, which distributes 
in arid and semi-arid of continents, nearly 50% of the irrigated land in the regions has some degree of soil 
salinization problems, and about 10 million ha of irrigated land is abandoned every year because of soil 
salinization and alkalization[2-3]. In China, there is 17 million ha of irrigated land is suffering salinization, 
which is one third of all the lands [4]. Therefore, soil salinization is an important problem for improving 
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environment and maintaining sustainable development in arid region [5]. For a long time, soil salinization 
has attracted much attention over the world. The distribution, causes, harm to soil and the preventive 
measures of soil salinization[6-8]; are seriously studied. Especially since 1990s, the monitoring and 
forecasting of soil salinization on a region scale has made significant progress with the application of 3S 
technology [9].  
Oases are an intrazonal landscape in arid and semiarid regions of the world. Although oases account for 
only 4–5% of the total area of these regions, more than 90% of the population and more than 95% of social 
wealth are concentrated within these areas in China[10] , such as the oases in the lower reaches of the 
Tarim River. The Tarim River is one of the longest inland rivers in the world. The lower Tarim River, a 
low-land flat region, is a natural salinity accumulation place of the upper river. Due to the unreasonable 
irrigation ways and farming methods, soil salinization in oasis in the lower river is extremely severe. As a 
result, the ecological environment and sustainable agriculture development in the lower reaches of the 
Tarim River was severely disrupted because of the salinity.  
Although the soil salinization in the Tarim River Basin has attracted attention of the relevant experts 
and scholars, most of the recent studies on it have focused on describing soil salinization spatial 
distribution, formed causes and prevention method [11]. Few studies about the relationship between soil 
salinization and regional ecological environment and process have been carried out, and the qualitative and 
quantitative effects of surface water and groundwater on soil salinization in the ecological hydrological 
cycle are also not as well known. Therefore, in this paper, the effects of surface water and groundwater on 
soil salinization are quantified based on the analysis of hydrological process of oasis eco-system in 
Tikanlik oasis in the lower Tarim River. The objective of the study is to reveal the rational groundwater 
depth for the sustainable development of oases, offer decisional references for rational utilization and 
improvement of the lands suffering soil salinization, and accelerate the sustainable development of oasis 
system in the arid regions.     
2. Materials and methods 
2.1 Study area  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 1.  The sketch map of study area 
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The Tikanlik oasis (40°32′30″-40°45′30″E and 87°18′45″-89°48′47″N) is situated in the lower reaches 
of the Tarim River (Fig. 1). The region belongs to Yuli County in the north and Ruoqiang County in the 
south of the Xinjiang Uygur Autonomous Region, and the ground-surface is remarkably flat with the 
elevation decreasing from north to south. The region has an extreme desert climate. The annual 
precipitation varies in the range 17.4-42.0mm, but the total annual potential evaporation is estimated in a 
range between 2,500 to 3,000mm. Total annual solar radiation varies between 5692 and 6360 MJ/m2, with 
cumulative daylight hours ranging from 2780 to 2980. Annual accumulative temperature ≥l0°C varies 
between 4100 and 4300°C, with the average diurnal temperature ranging from 13 to l7°C. Strong winds 
blow frequently in the region. This area is one of the China's most arid areas with soils either alkalized 
desert soil or salinized meadow soil. Shallow groundwater in the area is mainly supplied from agriculture 
irrigation seepage. Desert vegetation is dominant plant in this area having characteristics of drought-
resistance, salt-tolerant, high osmotic pressure, and small and thick leaves.  
Upland cotton (Gossypium hirsutum) is the dominant crops in the region. Due to the extremely drought, 
from the total area of 1140.37 km2, about the 95% arable land can be irrigated. The peak irrigation period 
for the crop is June-August. The agricultural fields are irrigated with locally practiced watering rates via 
drip irrigation and flood methods. Irrigation water in the region is mainly from the Tarim River. Large 
amounts of water from the upper river are diverted to the irrigated lands, and the drainage water discharge 
back to the river has resulted in a continuous decrease of the river water quality and caused higher salt load 
to the downstream irrigated areas. Continued diversion of huge amounts of water in the upper river 
combined with low irrigation efficiency resulted in a rise of the groundwater table and an increase of 
salinity in soil and groundwater within the irrigated areas of the oasis in the lower river. Therefore, the 
salinity of the applied irrigation water as well as the depth and salinity of the groundwater are the major 
sources of soil salinization in the oasis.  
2.2 Measurements of groundwater depth and quality on a regional scale   
We conduct measurements at 68 monitoring wells that are more or less evenly distributed over the area. 
The groundwater depth and quality measurements are conducted monthly in 2007. Once the groundwater 
samples are taken, they are airproofed immediately and then take to the laboratory to analyze as soon as 
possible. Total dissolved solids (TDS) in groundwater is measured by weighting, concentrations of Cl- are 
measured using standard colorimetric methods with a microflux autoanalyser, SO42- using volume, Ca2+, 
Mg2+ was by atomic absorption spectroscopy (Varian) and Na+, K+ by flame emission spectroscopy 
(Varian). Additionally, pH value is measured by PHS-2C acidity meter, alkalinity, CO32-, HCO3- using 
acid titration method, hardness using EDTA volumetric method, electrical conductivity using DDS-307 
conductivity meter. 
2.3 Measurements of surface water (irrigation water) quality on a regional scale  
The irrigation water for agriculture in the study area is mainly from the Tarim River through Qiala 
reservoir. Irrigation water samples are collected at the same time during groundwater measurement, and the 
quality indices measurement as above.  
2.4 Measurement of soil salinity on a regional scale   
Closing to each groundwater monitoring well, a soil profile is set for soil salinity by gravimetric 
method. Soil samples are collected at the same time during groundwater investigation. At each site, 
samples within the profile of 0-20, 20-50 and 50-100cm are collected respectively, and are labeled in an 
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aluminum box. Three soil samples are measured in each layer, and the average of the three samples is 
considered to be the representative moisture of this layer. 
2.5 Statistical analysis 
All statistical analyses are performed using SPSS 13.0. Figures are made using Sigma 9.0. Contour 
analyses are performed by surfer 8.0. 
3. Results 
3.1 Change of annual irrigation water quality   
The irrigation water in the study area mainly comes from the Tarim River through the Qiala reservoir. 
Results from the analysis of annual irrigation water quality find that the primary hydrochemical types of 
the irrigation water in the oasis are SO4, Cl, HCO3-Na, Mg, Ca. CO32-、K+  have very low concentrations 
in the irrigation water. The relationships between total dissolved solid (TDS) and electrical conductivity 
(EC), concentration of HCO3-, Cl-, SO42-, Ca2+, Mg2+ and Na+ are significant positive correlation). The 
value of TDS slowly decreases from January, but it starts to go up in March and has a peak in April. 
Subsequently, it reduces after April. It starts to increase again in June, arrive a peak value in July once 
more. Afterwards, it slowly reduces, and the minimum value of TDS presents in October. After October, 
the value of TDS gradually increases once again. The average value of TDS in the study area is 2-3 g.L-1, 
and the maximum value presents in April (4.137g/L), the minimum value presents in October. The 
magnitude of change between the maximum and the minimum is 364.31% (Fig. 2a). The annual changes 
of EC, HCO3-, Cl-, SO42-, Ca2+, Mg2+, Na+ show a basically consistent and similar decrease in TDS, and the 
biggest changes is 393.48%, 114.98%, 608.43%, 907.44%, 272.22%、380.39%, 497.35%, respectively 
(Fig.2a,b,c). There is no significant correlation between TDS and pH (P<0.05), and the pH keeps the stable 
alkalescence (Fig.2a). The maximum value and the minimum value of pH presents in August and February, 
respectively, and the magnitude of changes between them is 8.24%.  
Table 1 Relationship between total dissolved solids in surface water and salt content in soil in Tikanlik Oasis 
 TDS in surface water 
Soil salt content 
in 0-20cm 
Soil salt content 
in 20-50cm 
Soil salt content 
in  50-100cm 
TDS in surface water 1    
Soil salt content in 0-20cm 0.9869** 1   
Soil salt content in 20-50cm 0.9990* 0.9929 1  
Soil salt content in  50-100cm -0.5216 -0.3773 -0.4845 1 
*,** Correlation is significant at the 0.05 level and 0.01level,respectively 
The change of TDS is always regarded as the representative of general water chemistry variation. The 
correlation analyses of TDS of the irrigation water and soil salinity within 0-20, 20-50, 50-100cm show 
that the correlation of TDS of the irrigation water and soil salinity decrease with the increasing the depth 
of soil. TDS mainly affect soil salinity within 0-50cm, of which the relationship between TDS in the 
irrigation water and 0-20cm soil salinity is significant positive correlation. The correlation is not 
statistically significant when the soil depth is more than 50cm (Tab. 1). 
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3.2 Groundwater depth and salinity distribution   
Figure 3. Maps of the groundwater depths in the Tikanlik oasis （a. groundwater depth distribution in March; b. groundwater depth 
distribution in July） 
 
Due to the essential contribution of the groundwater tables to the soil salinization, it is important 
identify those areas in the region where groundwater is particularly shallow and saline. The results from 
contour analysis with surfer 8.0 revealed that groundwater depth distribution changes with the irrigation 
intensity because large amounts of water from the irrigation and the seepage from the principal canal 
network are the primary sources of the groundwater in the Tikanlik oasis. Before the cropping (March), the 
groundwater depths are deeper in the study region due to little irrigation (Fig 3a). The average groundwater 
Figure 2. Annual variations in surface water chemistry in Tikanlik Oasis 
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depth is 4.52m, and the minimum and maximum values are 2.12 and 8.92 m, respectively. In contrast, the 
groundwater depths become shallower through the intensive irrigations during the cropping period (July) 
(Fig 3b). The average groundwater depth is 3.58m, which reduces by 0.94m compared to before cropping. 
Striking in the two maps is the similarity of the spatial patterns of the groundwater depth during the 
intensive irrigation and outside the growing period: groundwater depth is shallower in the northern, mid-
western and deeper in the southern of the region even in March when no or rare irrigations occur. This is 
consistent with the distributions of the arable land and irrigation network in the region. The arable land 
mainly distributes in the northern and mid-western of the Tikanlik, and it becomes less towards southern of 
the region because of close to the desert. Corresponding to the distribution of the arable land, there are 
three main arterial canals: western canal, northern canal and southern canal, which form the irrigation 
network in Tikanlik oasis. Among them, the northern and western canals are the primary irrigation canal, 
and the southern canal is the subsidiary canal.  
Similar to the spatial distribution pattern of the groundwater depth, average salinity is more pronounced 
in the northern and mid-western parts of the region. The majority of the areas experienced shallower 
groundwater depths (2.5-4.5m), which have salinity ranging between 2.5 and 4.8 g/L.    
3.3 Groundwater characteristics and its relationship with soil salinization  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Because groundwater chemical characteristics change with the groundwater depth, the partial 
correlation analysis is used to analyze the relationships among chemical composition of groundwater in the 
oasis controlling for the groundwater depth. Results from the partial correlation analysis show that the 
correlation between total alkalinity and HCO3- is significant, but it is not significant with the others 
chemical composition. This suggests that the alkalinity of the groundwater mainly result from bicarbonate. 
The correlations between hardness and Mg2+, Ca2+ are significant positive. So, hardness of the groundwater 
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Figure 3. Response of alkalinity, hardness, electric conductivity, 
pH,TDS,salt content of groundwater to groundwater depth  
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in the oasis is big resulted from high concentration of Mg2+ and Ca2+. The average pH value changes in the 
range 7-8, which is relative stability, presumably due to no CO32-, little and stable concentration of HCO3- 
in the groundwater. There are significant correlation in EC and ions except for HCO3- and Mg2+ because of 
the little concentration of HCO3- and Mg2+ in the groundwater. The relationships among TDS and Cl-, SO42-, 
Ca2+ and Na+ are significant positive correlation. This suggests that the chemical composition types of the 
groundwater mainly are Cl, SO4-Na, Ca. The correlations among total salt content of groundwater and Cl-, 
SO42-, Na+ are the highest, followed by Ca2+. This suggests that the primary salinity types of the 
groundwater are Na2SO4 and NaCl，followed by CaCl2 andCaSO4.  
The alkalinity, hardness, pH, electrical conductivity, TDS and total salt of the groundwater change with 
the groundwater depth (Fig.4). The alkalinity, hardness, electrical conductivity, TDS and total salt have 
few changes when the groundwater depth is less than 6m. However, alkalinity, hardness, TDS and total salt 
increase rapidly when the groundwater depth is more than 6m, and the magnitude of increase increases 
with the deeper groundwater depth. Similarly, the pH value fluctuates unsteadily when the groundwater 
depth is less than 6m, but it sharply reduces when the groundwater depth is more than 6m. Therefore, the 
groundwater quality has a great change when the groundwater depth is more than 6m, especially the TDS 
and total salt, which are sharply increased when the groundwater depth is more than 6m. This suggests that 
6m is the groundwater threshold depth for higher salinity accumulation  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
in groundwater.  
Due to the lower surface relief, soil of the Tikanlik oasis has a higher salinity accumulated from the 
upper river water of the Tarim River. Results from the figure 5 indicate that soil salinity closely relate to 
groundwater depth. As the increase of groundwater depth, soil salt content obviously decreases. The 
magnitude of decrease in salt content of 0-20cm soil is largest, followed by 0-50cm soil salt, and it is 
relatively small of the 50-100cm soil salt. The correlation coefficient between the groundwater depth and 
the total salt in 0-20cm, 20-50cm, 50-100cm soil is -0.7439, -0.7401 and -0.6374, respectively (P<0.05). 
When the groundwater depth changes in a range 2-6m, soil total salt in the oasis is high. It is obviously a 
higher soil salinity content tends to accumulate on the surface layer, and it decrease with the deeper soil 
profile depth, e.g. the soil total salt within 0-20cm is higher much more than that within 20-50cm. This 
suggests that soil total salt shows a “T” distribution, which changes in the order 0-20cm>20-50cm>50-
100cm, when the groundwater is less than 6m. However, soil total salt in the oasis is sharply reduces when 
the groundwater depth is more than 6m. For example, the soil total salt of 0-20cm layer rapidly decrease 
Figure 5 Relationship between salt of soil and groundwater 
depth in Tikanlik Oasis
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from the 239.12g/L at 2.12m groundwater depth to 24.256g/L at 6.09m groundwater, and it continually 
reduces to 0.19g/L when the groundwater depth increases to 8.33m. In contrast, the soil total salt in the 20-
50cm layer is increase with the increase of the groundwater depth. This suggests that soil total salt shows a 
“rhombus” distribution, which changes in the order 20-50cm >0-20cm >50-100cm, when the groundwater 
is more than 6m. 
 The salinity in groundwater change is the result of the soluble salts exchange between soil and 
groundwater in the change process of groundwater depth. Analysis reveals that the TDS in the groundwater 
has a exponential relationship with soil total salt content in the 0-20, 20-50, 50-100cm layer, respectively, 
P<0.05.  
4. Discussion and conclusions 
The water which related to hydrological processes mainly is irrigation and groundwater due to scarce 
rainfall in the oasis ecosystem in arid zone. Therefore, among the major sources of secondary soil 
salinization are the salinity of the applied irrigation water and the groundwater in oasis ecosystem. Our 
analyses show that the quality of irrigation water, mainly comes from the Tarim River through Qiala 
reservoir, has a regular change within a year. The peak values of TDS in irrigation water present April, 
June and November, respectively. April marked the beginning of the growing season in the oasis, in which 
large amounts from the river water are diverted to irrigation for flush salts from the soil profile before 
cropping, in the same time, drainage water in the upper river discharge back to the river has resulted in a 
continuous decrease of the river water quality and caused higher salt load to the downstream irrigated areas. 
June is the peak period needing water of the cotton. In this period, sharply increasing irrigation and strong 
evaporation resulted by high temperature are the principle causes led to the TDS increase in river water. 
Afterwards, the irrigation gradually increasing until November, in which huge amounts of the river water is 
used to irrigate by flood for salinity mitigation in fields soil after harvesting, and the drainage water 
discharge back to the river once again, which lead to rise the volume of the TDS in river water.  
The irrigation water quality closely relate to the soil total salt content. Results of correlation analysis 
show that there is a statistically significant positive correlation between the TDS in irrigation water and soil 
total salt in the 0-50cm layer, especially with the 0-20cm soil salt content, but not to the salt content of the 
50-100 cm layer. This suggests that the salt loads originating from the irrigation were mainly accumulated 
in plough horizon (0-50cm) in the study area.  
Salinization from groundwater occurs when the groundwater reaches a certain threshold level above 
which it rises by capillarity. Moreover, the magnitude and distribution of salts in groundwater as well as 
groundwater characteristic affect the extent of soil salinization. The groundwater depths are relatively deep, 
of which the shallowest average groundwater depth is 2.12m; the main groundwater chemical types are Cl, 
SO4- Na, Ca, and the main salinity types of groundwater are Na2SO4, NaCl. Our analyses show that the 
response of groundwater chemical composition on groundwater depth is significant. When the groundwater 
is less than 6m, the volume of alkalinity, hardness, electrical conductivity, total dissolved solids , total salt 
and pH in groundwater do not significantly fluctuate over the years. However, the EC, TDS and total salt 
in groundwater sharply increase when the groundwater depth is more than 6m, so do the others chemical 
composition in groundwater. This suggest that 6m is the threshold level below which the groundwater 
quality sharply changed and the large amount of salt loads were accumulated in groundwater in the 
Tikanlik oasis.  
The analyses of the relationship between groundwater depth and soil salt content show that the soil salt 
content was high with high surface concentration in the oasis, and it decreased with the increasing soil 
depth, in the order 0-20cm>20-50cm>50-100cm, which show a “T” distribution when the groundwater 
depth is less than 6m. However, soil salt loads reduced with the increasing groundwater depth. It shows a 
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“rhombus” distribution, which mainly accumulated in the middle layer, in the order 20-50cm > 0-20cm > 
50-100cm when the groundwater depth gets deeper. Therefore, 6m is the critical groundwater level below 
which the salt accumulation process in the surface soil ceases. When the groundwater depth goes beyond 
the critical phreatic water depth, the salts in groundwater can not move up to the surface soil with the 
groundwater through the capillarity.   
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